ABSTrACT: Tall fescue possesses heat, drought, and pest resistance conferred to the plant by its mutualistic relationship with the ergot alkaloid producing fungal endophyte, Neotyphodium coenophialum. The objective of this study was to evaluate the impact of ergot alkaloid consumption on growth, scrotal circumference (SC), and semen quality. The SC measurement and percentage of motile and normal sperm were used to determine if a bull passed the breeding soundness exam (BSE) requirements. Bulls (n = 14) between 13 and 16 mo of age exhibiting ≥32 cm SC and having passed a BSE were assigned to 1 of 2 dietary treatments accounting for BCS and BW. Bulls were fed the treatment diet containing toxic tall fescue seed (E+; 0.8 μg of ergovaline and ergovalanine/g DM) or the control diet containing endophyte-free nontoxic tall fescue seed (E-) for 126 d. Blood samples were collected and BSE and BCS accessed at the start of the test (d 0) and every 21 d to the end of test (d 126). Weights were obtained on d 0 and d 126. Serum prolactin (PRL) concentrations were affected by treatment × day interactions (P = 0.04) verifying the effectiveness of the E+ diet. Bulls consuming the E+ diet exhibited declining PRL concentrations from 250 ± 52.1 ng/mL on d 0 to 30.6 ± 46.9 ng/mL by d 126 whereas bulls receiving the E-ration maintained serum PRL concentrations greater than or equal to 226.7 ± 50.4 ng/mL across the 126-d study. Body condition score (P = 0.4) and BW (P = 0.4) were not different between treatments. No difference due to treatment was observed for the percentage of bulls passing a standard BSE exam (P = 0.6) and no treatment effect was observed for any semen characteristic measured by computer-assisted semen analysis (CASA; P ≥ 0.2). The SC was negatively affected by treatment × day interaction (P = 0.04) with E-bulls exhibiting a larger SC at d 126 compared with E+ bulls of 36.7 ± 0.8 versus 34.3 ± 0.8 cm, respectively. Within treatment, E+ bulls exhibited a decrease in SC (P = 0.0001) with a d 0 SC of 37.3 ± 0.8 cm and dropping to 34.3 ± 0.8 by d 126. Theoretically, reduced SC would negatively impact semen quality, but this was not observed. However, CASA and BSE evaluation data are consistent with recent reports indicating that bulls grazing E+ tall fescue exhibited only subtle, if any, differences on semen characteristics.
producing endophyte conferring disease, drought, grazing tolerance, and insect resistance to tall fescue (Hoveland, 1993) . Ergot alkaloids negatively impact growth and/or reproductive performance of animals grazing tall fescue containing the wild-type endophyte. Accumulation of the ergot alkaloids within the system of the animal result in the syndrome of fescue toxicosis, which is characterized by rough hair coat, increased core body temperature, decreased blood flow to body extremities, and poor growth and reproductive performance (Thompson and Porter, 1990; Porter and Thompson, 1992) . Estimates for lost beef production due to fescue toxicosis were US$600 million (Hoveland, 1993) ; however, more recent reviews estimate that total to be approaching $1 billion lost per year for cattle and small ruminants (Allen and Segarra, 2001; Strickland et al., 2011) .
The most studied aspects of fescue toxicosis are the effects on animal performance (Browning, 2004; Gunter and Beck, 2004; Watson et al., 2004; Johnson et al., 2012) , with more limited documentation of the effects of fescue toxicosis on reproductive function (Burke et al., 2001; Jones et al., 2003) . Little information is available describing the effects of fescue toxicosis on bovine male reproduction (Jones et al., 2004; Schuenemann et al., 2005a,b; Looper et al., 2009) . The objectives of this study were to evaluate semen characteristics of yearling beef bulls being fed a defined, constant amount of ergot alkaloid in a highconcentrate ration to delineate toxic effects of the ergot alkaloids from possible reduced body condition and plane of nutrition of animals grazing tall fescue pastures.
MATErIALS ANd METHodS
All animal research was approved by the Clemson University Institutional Animal Care and Use Committee (IACuC; IACUC protocol number ARC2010-68).
Experimental Design
All reagents were purchased from Sigma Scientific (St. Louis, MO) unless stated otherwise. Fourteen Angus (n = 8) and Hereford (n = 6) bulls between 13 and 16 mo of age exhibiting ≥32 cm scrotal circumference (SC) and passed a breeding soundness exam (BSE) were stratified by breed, BW, and BCS and allotted to 1 of 2 treatments. One bull [allotted to control diet containing endophytefree nontoxic tall fescue seed lacking ergot alkaloids (E-) treatment] did not tolerate semen collection but remained in the study for collection of data on other measurable variables including growth data, BCS, and serum prolactin (PrL) concentration. A second bull [allotted to treatment diet containing toxic tall fescue seed possessing ergot alkaloids (E+; 0.8 g of ergovaline and ergovalanine/g DM)(E+) treatment] failed the initial BSE but was used to evaluate nonreproductive variables and the testes of a third bull (allotted to E+ treatment) were injured midway through the study. The reproductive data of the third bull before injury and growth data postinjury are included in the study as no adverse effects were noted for growth and BCS. All bulls were evaluated at 21-d intervals for reproductive and growth parameters. The study duration was designed to monitor bulls through 2 full spermatogenic cycles.
Treatment
Dietary treatments contained fescue seed that either contained ergot alkaloid (E+) or was negative for ergot alkaloid (E-). The total concentration of ergovaline and ergovalanine for the E+ and E-seed were 2.1 mg/kg DM and 0 mg/kg DM, respectively, as assayed by USDA-ARS-Forage-Animal Production Research Unit using HPLC procedures as described in Johnson et al. (2012) . The diet (including seed) was formulated to meet energy, CP, and mineral requirements (85% DM, 68% TDN, and 12.7% CP on DM basis) of the bulls and fed to provide adequate nutrients for 1.0 kg/d BW gain (NRC, 1996) . All bulls were adjusted to the concentrate diet before initiation of the study. Bulls were fed within treatment with 2 pens per treatment once daily at 0800 h. During this 2-wk time period, the diet contained only E-seed. The E+ ration contained 0.8 μg of ergovaline and ergovalanine/g DM. At the start of the test, bulls were weighed, BCS and BSE were determined, and then bulls were allotted to diets and remained on E+ or E-diets for the remainder of the 126-d study (April 6, 2011 to August 10, 2011 . To verify that bulls were responding to treatment, blood samples were obtained via the caudal artery at the start of test and every 21 d to the end of test and assayed for serum PRL. Serum was harvested from whole blood by centrifugation at 2,000 × g for 15 min at 4°C, placed in vials, and stored at -20°C until used in RIA for PRL. Prolactin assays were performed by the F. Neal Schrick laboratory as previously described (Bernard et al., 1993) with mean inter-and intraassay CV of 9.7 and 6.0%, respectively.
Breeding Soundness Exam and Semen Evaluation
Bulls were restrained in standard animal handling chutes and subjected to electro-ejaculation using the Pulsator IV electro-ejaculator (Agtech, Manhattan, KS) on the preprogrammed collection mode. The ejaculate volume was recorded and semen quality variables were estimated using computer-assisted semen analysis (CASA) using the SQA-Vb (A-Tech, Los Angeles, CA). Each sample had CASA performed in duplicate, and if motility and/or morphology were below 30 and 70%, respectively, a second collection was obtained within 7 d of the first sample. If both samples were below 30 and 70%, respectively, the greatest rated collection for the bull was used in subsequent analysis. Variables evaluated by CASA were sperm cell concentration (M/mL), percent motility, percent progressive motility, motile sperm concentration (M/mL; percent motility × sample concentration), progressive motile sperm concentration (M/mL; percent progressive motility × sample concentration), sperm velocity (μM/sec), total sperm number (sample volume × sample concentration), total motile sperm concentration (sample volume × motile sperm concentration), and total progressive motile sperm concentration (sample volume × progressive motile sperm concentration). In addition, each sample was subjected to estimations of morphology using standard staining and microscopic examinations. Bulls failed BSE if their semen samples from both collections exhibited <30% motility, <70% normal morphology, or a SC lower than recommend for their respective age range using the 1993 Society for Theriogenology guidelines (Spitzer and Hopkins, 1997) for BSE.
Statistical Analysis
The GLIMMIX procedure (SAS Inst. Inc., Cary, NC) was used to perform an ANOVA to test for the main effects and main effect interactions for all semen parameters and BCS. The model included fixed effects for treatment (E+ vs. E-), day, and treatment × day. To adjust for the effects of breed, the model also included fixed effects of breed, breed by treatment, breed × day, and day × treatment × breed. To correct for the repeated measures, a whole plot error term was used to test treatment, and a subplot error term was used to test day and treatment × day. To adjust for the effects of BW, the model also included BW as a covariate. We also attempted to adjust for breed, BCS, and BW experimentally by creating "blocks" based on breed, BCS, and BW and allotting treatments with the "blocks." The GLM procedure in SAS was used to assess the main effects of treatment, breed, day, and all interactions on BW, total BW gain, and ADG. Treatment × day combination means for all SAS procedures were generated and compared using Fisher's LSD test. Differences in the ability of a bull to pass a BSE due to treatment were evaluated by χ 2 analysis.
Pathology
Immediately after the feedlot portion of this study, 8 bulls (n = 4, for E-and E+, consisting of 3 Angus and 1 Hereford, per treatment) were slaughtered at a USDA inspected abattoir. Testes and the pampiniform plexus were collected from these animals and fixed in 10% neutral buffered formalin (Merck, Darmstadt, Germany). Formalin-fixed samples were processed in a Leica ASP300S (Bannockburn, IL) using this regimen: 1 h formalin, 2 h formalin, 45 min 50% ethanol, 45 min 70% ethanol, 45 min 90% ethanol, 45 min 90% ethanol, 45 min 100% ethanol, 45 min 100% ethanol, 45 min xylene, 45 min xylene, 30 min paraffin wax, 3 min paraffin wax, and 30 min paraffin wax. Samples were embedded in paraffin and stored until sectioning occurred. Samples were trimmed to 4 to 5 μm thickness and stained with hematoxylin and eosin. The slides were examined by an American College of Veterinary Pathologists board-certified pathologist who was blinded to the treatment groups.
rESuLTS

Induction of Fescue Toxicosis
Blood samples were collected for each bull at the start of test and every 21 d over the 126-d experiment and serum samples were assayed for circulating PRL concentrations. Figure 1 shows serum PRL concentrations for E+ and E-bulls across the 126-d experiment. Serum PRL concentrations for the Egroup ranged from 226.7 ± 50.4 to 321.0 ± 45.7 ng/mL. Analysis revealed a treatment × day interaction (P < 0.04). Serum PRL concentrations differed at d 63, 84, 105, and 126 between the E+ and E-treatments with values of 321.0 ± 45.7, 276.2 ± 48.7, 226.7 ± 50.4, and 263.5 ± 51.7 for the E-group and 159.4 ± 45.7, 64.4 ± 46.2, 47.3 ± 46.2 and 30.6 ± 49.6 ng/mL for the E+ group (P ≤ 0.02). Additionally, within the E+ treatment, PRL concentrations were lower at d 84, 105, and 126 than at the start of test (251.5 ± 52.1 ng/mL; P = 0.008). Mean PRL values are given in ng/mL (y-axis) for each treatment × day combination. The day of treatment blood samples were obtained for analysis is given on the x-axis. The * denotes significance (P ≤ 0.02) between treatments. a-d Superscripts within the E+ treatment denotes differences due to day (P = 0.01).
Consumption of Toxic Tall Fescue Seed Effects on Bull Growth
Total BW gain for bulls on the 126-d test are given in Table 1 . No difference was observed for BW between the E+ and E-bulls on d 0 (P = 0.7) as bulls were stratified based on BW before allotment to treatment. In addition, BW did not differ between groups on d 126 (P = 0.4). However, treatment × breed effects (P = 0.04) were observed for total BW gain and ADG (P = 0.04) across the 126-d trial with Hereford bulls on the E+ diet exhibiting decreased BW gains compared with Hereford bulls on Ediet and both treatments of Angus bulls. No difference was observed due to treatment (P = 0.4) or breed (P = 0.1) for BCS; however, day (P = 0.0001) impacted BCS. The mean BCS values were 5.6 ± 01, 5.4 ± 0.1, 5.3 ± 0.1, 5.4 ± 0.1, 5.8 ± 0.1, 5.9 ± 0.1, and 6.0 ± 0.1 for d 0, 21, 42, 63, 84, 105, and 126, respectively.
Effects of Consumption of Toxic Tall Fescue Seed on Reproductive Variables
No effects due to treatment, day, or treatment × day interaction were observed for ejaculate volume, sperm concentration, morphology, percent motile sperm, percent progressively motile sperm, or derivative data generated from those parameters such as motile sperm concentration, progressively motile sperm concentration, total sperm, total motile sperm, or total progressively motile sperm (P ≥ 0.1; Table 2 ). Day effect was observed for sample volume (P = 0.002), motility (P = 0.01), progressive motility (P = 0.004), and velocity (P = 0.002; Table 2 ). No differences were observed for the number of bulls passing a BSE at any time during the 126-d evaluation due to treatment (P = 0.6). Interestingly, of the 12 animals that were collected every 21 d, treatment × day interaction impacted SC (P = 0.0001; Fig. 2 ). The SC was less for E+ bulls at d 126 (34.3 ± 0.8 cm) than for E-bulls at d 0, 21, 42, 63, 84, 105, and 126 (P = 0.02; values ranged from 36.6 ± 0.8 to 37.4 ± 0.8 cm). In addition, within treatment, E+ bulls showed a reduction in SC across the test, with decreased SC values observed by d 105 and d 126 compared with earlier measurements (P = 0.0001). To evaluate the possibility of testicular degeneration as the causative effect of decreasing SC in the E+ bulls, testes from E-and E+ bulls were fixed, sectioned, and stained and sections were subjected to histological evaluation. Four bulls from each treatment were euthanized and testis samples collected. Evaluation of the testis tissue samples of the 8 bulls was unremarkable. Seven of the 8 bulls (4 E+ and 3 E-) exhibited minimal to mild depletion of spermatocytic cells (spermatocytes and spermatogonia). One E-bull exhibited a mild to moderate decrease in spermatogenic epithelium. No significant changes to the vascular endothelium, vessel wall, or perivascular soft tissues were identified to suggest vasculitis, vascular necrosis, or vascular compromise leading to edema of the pampiniform plexus.
dISCuSSIoN
Prolactin serum concentrations for bulls on this study tend to agree with those reported by the laboratory of Schrick for bulls grazing tall fescue, with the exception that the E-groups PRL concentrations were slightly greater in this study than in previous reports, but the E+ values were nearly identical between the 2 studies (Schuenemann et al., 2005b) . Interestingly, PRL values from our data are inconsistent with those reported for bulls being fed a silage-based ration containing ergotamine tartrate as they observed no differences in PRL values for bulls being fed ergotamine tartrate and controls (Schuenemann et al., 2005a) . Additionally, PRL values for E+ bulls in our study do not seem to decrease as rapidly or to the depressed concentrations observed in cows and steers (Lipham et al., 1989; Browning et al., 1997; Samford-Grigsby et al., 1997; Browning, 2000; Aiken et al., 2007) . However, the decrease in PRL over time observed in our study validates that tall fescue toxicosis was established in the E+ group. Furthermore, any observed differences in the physiological parameters evaluated were most likely due to toxicosis or perhaps toxicosis by environment interactions such as heat stress as reported for other aspects of animal physiology (Gadberry et al., 2003; Spiers et al., 2012) . In fact, heat stress has been shown to negatively impact bull semen quality (Brito et al., 2003; Rahman et al., 2011) ; however, little if any literature exists examining the interaction of tall fescue toxicosis and heat stress affecting bull fertility in vivo. Limited nutrition or energy levels were most likely Table 1 . Mean BW, total BW gain, and ADG per treatment group for the start of the experiment (d 0) and the end of the experiment (d 126) for bulls receiving a diet containing ergot alkaloids (E+) or negative for ergot alkaloids (E-) not involved in any observed differences in this report as bulls on E-and E+ treatments were in a positive energy balance as exhibited by both BW gain and BCS. However, breed × treatment interactions were observed for ADG.
Others have established that ergot alkaloids in the diet can negatively impact bovine male fertility measured using in vitro systems (Schuenemann et al., 2005a,b) . These observations are further supported by the negative impact of E+ diets on male mouse reproduction (Wagner et al., 2000; Ross et al., 2004) . The laboratory of Schrick reported a consistent observation of reduced cleavage rates by approximately 10 to 17% during in vitro fertilization (Schuenemann et al., 2005a,b) ; however, at this time it is unclear if this depressed cleavage rate is due to a lack of sperm penetration or pronuclear formation or a failure to activate the oocyte after fertilization. The E+ treatment in male mice from inbred lines deemed susceptible to fescue toxicosis exhibited reduced litter size, but litter size was significantly increased in the inbred fescue toxicosis resistant line (Ross et al., 2004 ). An assessment of male fertility was not conducted in this study; however, the data presented here show that semen quality in this report is similar to those previously reported for Zebu influence and British breed bulls during similar times of the year in the southern portion of the United States (Jones et al., 2004; Schuenemann et al., 2005a,b; Looper et al., 2009 ). We observed similar nonsignificant trends, but semen quality variables measured were only significantly impacted by day and our data are in agreement with others using English breed based bulls in the southeastern United States (Schuenemann et al., 2005a,b) . Furthermore, the observations reported here were obtained from bulls on a concentrate ration; therefore, energy in the diet most likely differed between the previous reports and our investigation. The major observation shown in this report, which could significantly decrease semen quality and production over time, was the reduction in SC in the E+ bulls by d 105 and 126 of the study. Scrotal circumference is an indirect assessment of testicular weight (Hahn et al., 1969; Coulter and Foote, 1976; Coulter and Keller, 1982) with both SC (Almquist et al., 1976; Gipson et al., 1985) and testicular weight (Almquist and Amann, 1961; Killian and Amann, 1972) being positively correlated to sperm production and therefore the reason and importance of acceptable SC for individual bulls in the BSE. The reduction in SC observed in this experiment is in contrast to previous reports (Schuenemann et al., 2005a,b; Looper et al., 2009 ). Means within the same row possessing different suprscripted lowercase letters differ (P < or = 0.04) due to day within treatment. the (symbol) to the left denotes which semen quality variables differed due to day (P < 0.02).
1 mic = micron.
Figure 2. Effect of a diet containing ergot alkaloids (E+) on scrotal circumference (SC) across the 126-d trial. Scrotal circumference is shown in centimeters (y-axis) and day of treatment the measurements were taken is on the x-axis. The * denotes significance (P = 0.02) between groups and ŧ signifies significance between day within group (P = 0.0001). Fig. 2. However, a similar observation was previously reported in a case study for Angus bulls consuming an E+ diet (Jones et al., 2004) . The data presented here show a marked decline in SC of bulls consuming the E+ ration within treatment at the end of the study in comparison with the previous data, and this difference could be due to the length of the study (126 d compared with 60 d) or the time of year at which the study was conducted. Because ergot alkaloids are known vasoconstrictor (Aiken et al., 2007; Klotz et al., 2007; Foote et al., 2012) , it is reasonable to speculate that over 126 d of constant exposure to the E+ containing highconcentrate ration, the testicular vein becomes constricted and reduces blood flow to the testes, producing an ischemic state as reported for other tissues (Schoning et al., 2001; Foote et al., 2011) , which may lead to increased cell death and reduced cellular proliferation. Bioaccumulation of E+ may also occur in the testes as in other tissues (Klotz et al., 2007 (Klotz et al., , 2009 ) and may affect spermatogenesis and/ or spermatozoa function directly. We conducted a blind histological analysis on the pampiniform plexus and testis of 4 E-and 4 E+ bulls. No erosion of the vasculature or degeneration of the testicle was observed, as may have been indicated by the reduction in SC. Although bulls (E+ and E-) did exhibit Sertoli cells only, Sertoli cells and spermatogonia, or Sertoli, spermatogonia, and depleted numbers of spermatocytes, Sertoli only tubules should not always be assumed to be the result of toxicity or immaturity, as single tubules or segmental/multifocal Sertoli only tubules have been found in control animals in various rat studies (Foley, 2001) . In light of our data of both control and E+ bulls exhibiting normal sperm morphology, it is likely the observed alterations do not represent testicular degeneration. One possible scenario for the difference in the SC observation is that the earlier studies maintained bulls on the E+ treatment for similar (Looper et al., 2009) or longer time frames (Schuenemann et al., 2005b) ; however, these bulls were maintained on forage, not fed a concentrate ration. Forage concentrations of ergot alkaloids vary throughout the season (Rogers et al., 2011) , and it is likely that consumption of the E+ seed in the concentrate ration resulted in maintained and/or increased toxin levels in our bulls compared with these studies.
A concern of all studies reported to date is that bulls regularly pass the requirements of the BSE regardless of exposure to E+ or E-tall fescue. Therefore, if the observations of reduced bull fertility on E+ diets continue to be repeated (Schuenemann et al., 2005a,b) , the reduction in the fertility of these males cannot or will not be detected using standard BSE procedures. Furthermore, it has been suggested in rodent models (Ross et al., 2004) and cattle (J.G. Andrea, Clemson University, S.L. Pratt, Clemson University, F.N. Schrick, University of Tennessee, and M.G. Burns, Clemson University) that there is a significant negative synergistic effect on pregnancy rates when both the male and female are consuming E+ rations. Future work verifying the negative effect of ergot alkaloids on bull fertility, cow fertility, their putative negative interactions, and how to best manage the male and female for optimal pregnancy rates when grazing the tall fescue cultivar Kentucky 31 is required.
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